neonates to assume. [2] As most plain abdominal X-rays are taken in supine position in children, identifying free air is often a challenge especially to emergency physicians and trainee surgeons [3] and diagnosis of gastrointestinal perforation can be missed or delayed when signs of pneumoperitonium are not recognized on supine radiographs. Though computed tomography is more sensitive in detecting free intra-peritoneal air, [4] plain radiography remains a very efficient, timely and cheap imaging modality. Lateral decubitus views can be very helpful when in doubt.
The diagnostic yield of plain abdominal X-rays for identifying pneumoperitoneum can be improved by careful search for other documented radiological features of free intra-peritoneal air, especially on a supine film. [5] A number of intra and extra-peritoneal radiographic signs have been described to diagnose gastrointestinal perforation. Awareness of these signs in order to make timely decisions, therefore, becomes critical in an emergency setting or in low resource regions where expert radiologist reporting may not be readily available or awaited.
A search through PubMed database was done using the following search terms and their synonyms: 'Gastrointestinal perforation', "radiographic signs" and "children." Searching of libraries and articles from reference lists was also done. This showed that publications on radiographic features of peritoneal free air especially on supine view are quite few and often discussed in the context of other subjects. Furthermore, none discussed this topic with the peculiarities of children in focus. This article, therefore, provides a pictorial and concise review of X-ray signs in order to assist in making a diagnosis of gastrointestinal perforation in paediatric surgical cases. Majority of the signs are discussed in the paediatric setting, but they are also relevant to adult practice.
INTRODUCTION
Gastrointestinal perforation is common in children and can result from many different underlying disorders. It usually, require prompt surgical intervention. Clinical signs of peritonitis (tenderness, guarding, and rebound tenderness) are not reliable in neonates and very sick children so radiological features are very useful when a diagnosis of gastrointestinal perforation is suspected.
The classical sub-diaphragmatic air ("air under the diaphragm") seems to be the obvious radiographic sign most clinicians are familiar with, however it is positive in only about 55% of of patients with perforation. [1] Furthermore, the sub-diaphragmatic air is best seen in erect chest X-ray, a position that is often impracticable for sick children and
AIR UNDER THE DIAPHRAGM [FIGURE 1]
This is the first radiographic sign of pneumoperitoneum described in 1915 by Popper [6] and it is the most commonly known. Free air seen as an area of lucency can be found under the right or left hemi-diaphragm and also at the mid portion of the diaphragm trapped under the central tendon (called Cupola sign). [7] As little as 1-2 ml of air can be shown with erect chest radiograph, especially on the right. [8] In cases of massive pneumoperitoneum, free air can be seen as a continuous rim of sub-diaphragmatic lucency extending from the right to the left hemi-diaphragm called 'continuous diaphragm sign'. This continuos diaphragm sign can also indicate pneumomediastinum however the air will be seen outlining the length of the diaphragm superiorly. [9] 
LUCENCY OVER THE LIVER SHADOW [FIGURE 2]
The liver should be most radiopaque in the right upper part of the radiograph. An area of hyperlucency at the right upper quadrant obliterating the normal opacity of the liver is suggestive of free intraperitoneal air. [11] The lucency fades off towards the midline, and it is helpful to compare the opacities of the lateral aspect of the right upper quadrant with that of immediate right side of the midline.
TRIANGLE SIGN [FIGURE 3]
In the normal situation, air is located within the lumen of the bowel and the outer walls of the bowel are apposed. When there is free air, the air pushes the two walls apart and creates sharp angles or "tirangles". This is seen on supine view as air forming a triangle bounded by three bowel loops or two bowel loops and the lateral parietal peritoneum. [13] It is also referred to as 'telltale triangle sign'.
FOOTBALL SIGN [FIGURE 4]
In supine position, air is displaced to the least dependent part i.e under the anterior abdominal wall. If there is a lot of free air, this is seen as an oval hyperlucency on supine radiograph that takes the shape of the American football. It signifies massive pneumoperitoneum. [15] Smaller "footballs" can be seen with lesser amount of free air.
RIGLER SIGN [FIGURE 5]
In normal abdominal radiograph, air is seen within the different bowel loops separated by the walls of two loops demonstrating the standard bowel wall thickness [14] we have come to understand. When there is air inside and outside of a single loop of bowel, it looks much thinner, the edges are crisper and it gives a characteristic appearance described by Rigler. [17] It is also known as 'double-wall sign' or 'the bas-relief sign'. [18] 
DOGE CAP SIGN [FIGURES 6A AND B]
This describes a collection of air in the Morrison's pouch (posterior hepatorenal space) seen on supine view as a triangular shaped lucency. It is seen at the inferio-medial aspect of the 11 th rib. [6] The sign was named after the cap worn by Italian Doges, which is triangularly shaped at its top.
ACCENTUATION OF PERITONEAL LIGAMENTS [FIGURES 7A AND B]
Air in the peritoneum can outline peritoneal folds that are normally not visible on supine plain abdominal radiographs. Signs of pneumoperitoneum that involve visualisation of ligaments include: • Falciform ligament sign: Seen as a longitudinal linear opacity outlining the falciform ligament on the right upper abdomen parallel to the right border of the spine. [3] • Inverted V sign; an outline of the two lateral umbilical ligaments. Seen as oblique linear opacities extending from the umbilicus to the pelvis. Only one of the ligaments may be visible in some cases. [6] • Urachus sign: An outline of the median umbilical ligament seen in the midline as a longitudinal linear opacity between the umbilicus and the bladder.
[11]
PNEUMOSCROTUM [FIGURE 8]
Areas of lucency can be identified on plain radiographs of the abdomen showing the scrotum which indicates Source: Radiograph reproduced with permission from Prof H.J. Lee [16] the presence of air in the scrotum. Pneumoscrotum usually originates from three sources; intra-peritoneal air passing through the patent processus vaginalis (referred to as scrotal pneumatocele), extra-peritoneal air (from retroperitoneum, mediastinum or lungs) dissecting through fascial layers into scrotal wall and local scrotal causes (trauma, gas gangrene). [22, 23] Gastro intestinal perforation produces free intraperitoneal air that can flow into the scrotum through the processus vaginalis, which is patent in up to 90% of new-born males. [24] Pneumoscrotum can be an important radiographic sign especially in children to aid diagnosis of bowel perforation and it is usually found along with other signs of pneumoperitoneum. However, it has been reported as the only sign of intestinal perforation that was subsequently confirmed operatively in the absence of other evidence of pneumoperitoneum. [25, 26] 
PERITONEAL CALCIFICATION [FIGURE 9]
In utero intestinal perforation with leakage causes meconium peritonitis, evidence of which can be seen on abdominal X-ray taken in the neonatal period as intraperitoneal calcifications. [27] Calcifications can be seen along with features of free intra-peritoneal air. [28] Scrotal calcifications arising due to the passage of meconium through the patent processus vaginalis have also been reported as a radiographic sign that can suggest in-utero bowel perforation. [29] 
NON-INTESTINAL PERFORATION CAUSES OF PNEUMOPERITONEUM
Pneumoperitoneum is an important sign of gastrointestinal perforation, but it is important to bear in mind that in up to 10% of patients, free intraperitoneal gas is not due to bowel perforation. [30] A number of other conditions especially in children have been documented to produce pneumoperitoneum without bowel perforation, and this is often termed loosely as 'spontaneous' or 'non-surgical' pneumoperitoneum. [31] These conditions include; immediately post-abdominal surgery (laparotomy or laparoscopy) irrespective of the indication, peritoneal dialysis, pneumothorax and pneumomediastinum, following pneumonia, patients on mechanical ventilation, ruptured pneumatosis cystoides intestinalis, collagen vascular disease, scuba diving, gynaecological procedures and idiopathic causes. [31] [32] [33] It is important to consider these causes of pneumoperitoneum that are not due to bowel perforation especially when evaluating an asymptomatic patient. 
CONCLUSION
This review has highlighted the radiographic signs of gastrointestinal perforation on both erect and supine films using pictorial illustrations. Though several other features have been described in the literature, only radiographic signs that have been shown to be valid and sensitive in diagnosing bowel perforation have been included in this article. As the common saying goes; 'we diagnose what we look for and look for what we know', it is important that clinicians are aware of these signs to increase the diagnostic yield of plain abdominal radiographs. A good knowledge of these X-ray signs is crucial for more accurate diagnosis and timely surgical intervention in patients with gastrointestinal perforation.
